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Abstraci.—Fesding activities of great bloe herons
Ardea herodias in catfish ponds during outbreake of
enteric septicemia of catfish have bean implicsiod 45 3
mechanism for the trancmission of the discase from
infected to wninfocted ponds. Althaugh Edwardsiclla
letaluri, the caugalive agent, has been idontified in gas-
_ trointestinal tructs of great blue heroms, the soie of

ﬂmebird:uavectorof&tcm&m‘bmtnwdw-
umentod, The potential of these birds to contaminate
catfith ponds with E. ictaluri wea investigased by foed-
ing captive herons over 8 4d with catfish fin-
gorlings injocted Intraperitoneaily with live £. ictalurt.
Dﬂlyfwdumpm.mmwmlh.mm-
erwupluwceouecwd.cumredmdmmiwdfw
& ictaluri using both 8 selcotive media ard & mopo-
mwmuwmmwymmucfws

ietaluri. Oastrointestingl racts sampled ot the concha-

uiononhel‘eedinguulwmsimilwmmimd.
Wb&kfa!udwudﬂuwdutingtheindlmﬁuo-
rescent antibody test, no viable E. dcealuri was cultuced
from cither foces, i inal tracta or {onthers.
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E.kmluduuc‘.mownﬂumpmmwfﬂgmd!
ﬂmuwmmwsiwﬂumwm
huwswnplaymormm!eiummmis-
sion of £, ictefur! among cxtfith ponds.

Enteric Septicemia of Caifish (BSC)
caused by the gram-negative bacterium Ed-
wardsiella ictaluri is one of the most scri-
ous diseascs encountered in the commercial
production of channcl catfisk Ictalurus
punctatus, A survey of eatfish producers by
the National Animal Health Monitoring

—

' Presont Address: Maine Deparimont of Marine Re-
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System (NAM)indicatcddm?s% of all
catfish operations and 42% of all foodfish
ponds experienced outbreaks of BSC
(NAHMS, USDAAPHIS 1997). .

In addition to infectious discases, com-
mercial fish producers cxpericnce signifi-
cant losses due to wildlife. The NAHMS
producer survey indicated that wildlife was
believed 1o account for 37% of catfish loss-
s in commercial operations (NAHMS,
USDA:APHIS 1997), Wildlife predation in
sustained fish losses and the cost of pre-
veating predation are estimated 1o cost the
catfish industry $17 million annually (Wy-
wislowski 1998). Approximately 70% of
these losses are attributed to o variety of
fish-cating birds including the double-crest-
od cormorant Phalacrocorax auriius (53%),
and the great blue heron Ardea. herodias
(42%), (Hoy 1994; Stickley et al. 1995;
Glahn and Brugger 1995). _

Because fish-eating birds arc ofien ob-
served feeding on catfish ponds during out-
breaks of ESC, they have also been impli-
cated as potential vestors in the trROsMis-
sion of ESC among catfish ponds and
farms. A variety of bacterial pathogens of
fish have been isolated from birds inciuding
Edwardsiella tarda from ssudhill crane
Grus canadensis (White et al. 1973); Aero-
monas hydrophila and Plesiomonas shigel-
loides from gray hevon Ardea cinera (Glun-
der 19809): and Yersinia ruckeri from sea-
gulls Larus sp. (Willumsen 1989). Exami-
nation "of gestrointastinal tracts from
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fish-eating birds collected from oatfish
farms also implicates these birds as vectors
of ESC. Using a polyclonal fluorescent an-
tibody procedure, Taylor (1992) detected E.
ictalurl in 53% of the 137 birds sampled
from 16 catfish ponds. Viable E. ictaluri,
however, was recovered in only two of the
samples examined during the 3-yr survey.
Despite Twylor's (1992) conclusion that
fish-eating birds are not major contributors
to the spread or severity of ESC when other
risk factors arc considered, catfish produc-
ers remain concerned about the potential of
birds to transmit ESC, Because the gastro-
intestinal tracts in the study of Taylor
(1992) were taken from i col-
lected birds feeding on catfish of unknown
- BSC status, a more rigorous examinatioa of

the issue was suggested. The present study
examined feces and gastrointestinal tracts

under a “worst case scenario” in which -

great blue herons were fed ooly channel
catfish fingerlings injected intraperitoneally
with live E. ictaluri.

Materials and Methods

' Great bluc herons Ardea herodias (GBH)
were trapped near Greenwood, Mississippi
and transported to the National Wildlife Re-
search Center (NWRC), Mississippi Field
Station, Upon arrival, the birds were ex-
amined for physical condition, weighed,
aged (juvenile or adult), wing-clipped,
marked with color and number-coded pa-
tagial tags tw allow for individual identifi-
cation (Day ¢t al. 1980), and released into
the NWRC aviary for an observational
study of feeding behavior Following the
feeding behavior study, the birds were in-
dividually housed in 9.} m X 4.6 m X 4.6
m cages partitioned into & feeding area and
fecal collection area, The feeding area con-
tained a small plastic wading pool in which
a daily ration of 340-350 g of fingecling
channel catfish Icralurus punctatus was pro-
vided. The daily ration was determined
from the previous feeding study snd studies
of Schramm et al, (1987) and Stickley et al.
(1995). The fecal collection area contained
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a perch and water dish and was lined with
two layers of 3.5-mm polyethylene plastic
to shicld the area from accidental contami-
aation from the heron fecding area.

After acclimating to the cages for 48 h,
the birds were preseated with a daily ration
of E. ictaluri infected catfish fingerlings for
each of four consecutive daily feedings. -
The fingerlings, taken from & raceway ex-
periencing an outbreak of ESC, exhibited
signs of chronic ESC and reacted positive
for E. ictaluri using the ED9, anti-E. ictal-
uri monoclonal, indirect-fluorescent anti-
body test (BSC-IFAT) (Ainsworth et al.
1986). Immediately prior to being placed in
the feeding pool, each fingerling was in-
jected intraperitoneally with 0.1 mL of a
live B. ictaluri suspension. Dosages of E.
ictaluri administered to the catfish finger-
lings ranged from 2.9 X 10% to 4.5 X 108
bacteria/fish with a mean of 3.3 X 10® bac-
teria/fish. Edwardsiella ictaluri used to in-
ject fish was grown in polystyrene 25-cm?
tissue culture flasks containing beain heart
infusion (BHI) broth (Difco Laboratorics,
Detroit, Michigan, USA) for 18-24 h at 24
C' on a rocker wable. Following the growth
period the cultute was centrifuged at 600 X
G for 30 min and the superaatant discarded.
The pellet containing E. icsaluri was resus-
pended in Hank's balanced salt solution, pH
72 and the optical denmsity at 540 onm
(ODsy) adjusted to 1.50. The pumber of
bacleria were estimated from a previously
established curve of ODy,, and E. ictaluri
colopy forming units (cfu). Viability and
putity of the E. ictaluri suspensions wece
determined by culture on trypticase 3oy
agar containing 5% sheep blood (BA, Bec-
ton Dickinson, Cockeysville, Maryland,
USA), and a selective E. ictaluri medium
(EIM) (Shotts and Waltman 1950). Identi-
fication used both the ESC-IFAT and the
biochemical procedures outlined by Hawke
(1979).

Each moming between 0800 and 0930
central standard time (CST). the individual
cages were entered and the birds were cap-
tured in the fecal collection area t0 obtain
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throat and rectal swabs and rectal temper-
atures. Birds were then wansforred from the
fecal coliection aren to the feeding area.
While birds were in the feeding area stevilo
plastic spoons were used to collect and
transfer feces from the polyethylene liner of
the fecal collection area % sterile polyeth-
ylenio sample bags. The liner was removed,
the area disinfected with 0.25% solution of
sodium hypochlorite from a low pressure
sprayer, rinsed with & 2,200 psi pressure
wash of well water, and provided with a
fresh polyethylene liner.

Birds were allowed to feed on the E. io-
taluri-infected flngetlings for a minimum of
7 h. After the feeding period, the number
of fish consumed was recorded, and the
birds moved again to the fecal collection
area where they were held until the next
morning. The same disinfection procedure
was repested each afternoon in the feeding
ares.

Each day the volume and weight of feces
collected from each bird was recorded. The
daily focal sample from each bird was sub-
divided into 3 cqual weight subsamples.
Each subsample was diluted 1:2 with 0.22-
#m filter-sterilized pond water and mixed
thoroughly. A sterile 10-uL plastic inoen-
lating loop was then inserted into each
mixed subsample, stitred and withdrawn 10
prepare an imptession smear for ESC-IFAT
analysis. Additional were taken
from each subsample, diluted to 0.5 X 10~5
and O.1-mL samples used to inoculate two
- EIM plates and one BA piate for each foca!

subsample. The dilution of 0.5 X 105 was
determined from experiments prior to the
initiation of the feeding trial to produce cfu
of less than 200 total ofu/plate, the Jargest
that could be accurately counted. Under this
protocol the fimit of detection for E. letaluri
would be 2 X 10 bacteria per sample for
the ESC-IFAT and 4 X 10% per sample for
the bacteriological provedure, The BIM and
BA plates were incubated at 24 C and mon-
itored for growth for 96 b, Additional fecal
samples were spiked with 1.0 X 108 B io-
taluri for use as positive controls.
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On day five of each feeding trial, birds
were euthanized by carbon dioxide over-
dose and necropsied. Areas of the paarynx,
esophagus, proventiculus, and posierior di-
gestive tract were examined for B, icsaluri
using both BIM media and the ESC-IFAT
Samples were vigorously swabbed (Miini-
tip Culturettes, Becton Dickinson, Cockeys-
ville, New York, USA), streaked on dupli-
cate EIM plates, incubated at 24 C and ex-
amined for growth twice daily for 96 b, Du-
plicate samples were taken for ESC-IFAT
using sterile dacron swabs (Baxter Health-
care, McGraw Park, Ilinois, USA) to make
impiuaionsmmﬁmnmemacﬁwm-

mwﬁw&aﬂmmukm&om
the thigh and abdomen of individual birds,
placed in separate sterile polyethylene bags
and 3 ml. of starile BHI added to each bag.
The bags containting feathers and BHI broth
were mixed well, incubated for 2 hat 24 C.
A sterile dacron swab was then dipped into
the BHI broth and used to make impeession
smears for ESC-IFAT. Additiona] ESC-
Exrexmﬂmbmwuepufmmadd:mdy
on feather samples.

Bacterial oolonies were counted after 72
h to 96 h jmcubation at 24 C. Represcntative
colonies were screened using the DrySlide
Oxidase Test® (Difco Laboratories).
streaked on fresh BA plates and identified
using the BBL Crystal ID System® (Becton
Dickinson) and the API System (bio-
Mérieux Vitek Inc., Hazelwood, Missouri,
USA). ldeudﬁcaﬁm of E lctalwri vms

was' based on critecia established by Hawke

(1979). Composite bacterial sumples were
collected from each plate by streaking the
plate with a sterile dacron swab and using
the swab to make impression smears for
BSC-IFAT. The ESC-IFAT assay was per-
fomwdaccmdingto:\inswoﬂaud.(lm)

using FITC-conjugated goat anti-mouse Ig
(F2012, Sigma Chemical, St. Louis, Mis-

~ soutri, USA) at & ditution of 1/50 in 0.01 M

phosphate-buffered-saline (PBS). Thirty to
100 fields per slide were examined st a
maggification 400X. Both the number of
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TABLE 1. Smmwfgywmumm#mmmmwﬂumm the study,

Bird 1D Sex Ags Weight (kg) Reotal temperstare: (C)
R7 Male Adult 204 39.3
RZ1 Female Juvenile 225 0.1
Y1 Mslc Juvenile 236 40.5
o6 Female Aduls 2.28 40.5
3} Fenule Aduk 2.43 40.5
Mean (SD) 2.27 00N 40.2 (0.23)

positive fields and the tota! number of Gelds
examined weyre recorded. Positive fields
were further evaluated for bacterin]l mor-
phology at magnifications of 630X and
1.000X. Pasitive controls for cach mn of
BSC-IFAT slides consisted of impression

 smears made from BHI cultures of £ ic-

taluri.

Because the body temperature obscrved
in great biue herons (40.2 C) excecded the
temperature stated for growth of E. ictaluri
(Hawke 1979), the effect of 40.2 C on the
viability and growth of E ictaluri was ex-
aminied. One-hundred microliters of a Gield
isolate of E. ictaluri was used to inoculate
polystyrene 25-cm? tissue culture flasks
containing 10-ml, BHI. Following 30 min
incubation at 24 C the inoculmed flasks
were subjected 10 experiraental incubation
regimes. {n the first experiment triplicate E.
ictaluri inoculated flasks and an un-inoci-
lated nsgative control flask were incubated
at 40 C for S h. then ceturned to 24 C and
incubated ao additional 24 b. Similar £, ic-
taluri inoculated and un-inoculated fasks
were incubated at 24 C for 29 h. At the end
of the 20-h incubation period, aliquots were
removed from each flask and the optical
density at 540 nm (ODs,;) determined. Ad-
ditional 100-pl eliquots from each flask
were plated on duplicate BA plates and ex-
amined for growth following 72 & incuba-
tion at 24 C. In experiment 2, wiplicats
flasks and an un-inoculated control flask
were incubated at 40 C for 8 h, then incu-
bated at 24 C for 36 h, Similar inocujated
and un-inoculated Hasks were incubated at
24 C for. 44 h. At the end of the 44-h in-

cubation the OD,,, of the individual Aasks
was determined.

Resuits

The study involved throe female and two
mele great blue herons with a mean weight
of 2.27 kg (Table 1). Each bird consumed
a mean of 325.8 g of BSC infected channel
catfish per day representing a mean dosage
of 10.1 X 10° £, ictaluri per day over the
study period. A total of 248.2 g of feces
were recovered and examined for the pres-
ence of E. ictelur! duwring the course of the
study (Teble 2).

The aumber of total bacteria recovered
from feces variod with the bird, the bacte-
rial media (BA vs. EIM) and the time of
collection (Fig. 1). The number of bacteria
recovered incrensed with time. Blood agar
yielded both & significantly greater number
snd variety of bacteria than BIM. The dom-
inate bacteria recovered on BA included
Edwardslella torda (47.7%), Escherichia
coli (31.8%), Smplrylococcus sp. (13.6%)
and Plesiomonas shigelloides (6.8%), The
EIM plates appearod more selective than
BA and were dominated by E. sarda

- (82.9%), Sraphylococeus sp. (15.7%) and

E.coli (1.4%). )

A wtal of 107 impression smears were
made from fecal samples and evaluated for
the presence of Edwardsiella ictaluri using
the BSC.IFAT In the 8,311 micrescope
fields exnmined only 13 positive fields ex-
hibiting both positive ESC-IFAT staining
and morphology consistent with E. ictaluri
were detected. A total of 170 impression
stears were made of BA and EIM cultures



parentheser represern tie standard
Pish consumed E. ietoliar{ Foces recovered

Bird I Weight (g} Number Dosage X 100 Volume (ml)  Waight @
R7 3454 36 008 119 2.8} 99N 146 (9.7)
R21 2493 (41.1) 263 (4.9) 3729 612N 18 (2.4
YI IS (42 3.7 ©.3) 119.2m 4.6 (0.8) 6. (1.4
08 345.2 2.6) 21.3 (G.5) L LR 3.6 (28 7.8 4.5)
o1s 3453 .1 27.3 0.5 90 (1) 97 .7 13.3 4.2)
Tolal 65150 ¢ 0L3 x 10 cfu U820
Mear per day nss 0.7 X 100 9,93
sD . 424 27 x 100 5.39
from fecal samples. No ESC-IFAT positive ESC-IFAT bacteria wers detected in the
blmﬁawmobwrvedinlo.mmcro- Smnﬂﬂoseopeﬂoldsenmiuedﬁ'omdi-

scope fields (Table 3). Edwardsiella tetaluri
was not identified from feces on cither BA

ormmediuusingﬁ:ebiodwuﬂmlpm-
cedurcs outlined wbove,

takenfrmud:epharyumdsmmimﬁnu
Mofﬂwhemmdudngthcsmdy.m

mq
4

g

ual tracts (Table 4). A total of 72 i

dontmeaummadcofBAandE!Mcul-
tures obtained from gastrointssting) sam-
ples. No BSC-IFAT positive bacteria were
observed in 2,360 mieroscope fields (Table
4).Edwardddtaicmludmmtidcmiﬁad

Blood Agar
EM

anda
(47.7%), Bachetichia coli (31.8%;, Staphylococcus . (13.6%) and Plesiormonas shigelloidet (6.5%), The Etpt

. (J5.7%) and B. coll (1,4%),
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TARE 3. Presence of Bdwardsiells ictaluti in ime
mmudumddpm:obuﬁuﬂfm
fecol sampies of great bine herons over the S d of
M feeding trial, The aumber of fields were at a
magnification of 430X and the nimber potitive rep-
nisenis the number of positive-siciniag bacwria us-
ing the ESC-IFAT azsay (Ainsworth et al 1986).

Recal impression

smeart Bacteriology platcs
Bd W *Poy- ¥ # Pos-
IO Stides # Ficlds itive Slides # Ficlds itive
R? 15 1,34 ¢ 45 A%00 O
R21 I5 1386 s 23 1946 ¢
Y} 15 1,351 3 31 2470 O
Q6 n 40 L+ iz 200 O
o1s » 2110 3 4 1,25 0
Total 107 831 13 170 10766 O

from feces on cither BA ot EIM media us-
ing the biochemical procedures outlined
above,

Edwardsiella icraluri did not grow at 40
C. No growth was observed among BA
plates or BHI cultures of E. ictaluri incu-
bated at 40 C. Incubation of BHI cultures
of E. ictaluri st 40 C for cither Shor8 h
killed or greatly suppressed growth at 24 C,
an optimal temperature for growth. (Fig. 2).
No growth was observed on BA among al-
iquots taken from 40 C incubated BHI cul-
tures.

Piscussion

Results from the study are similar to
those of Taylor (1992), who desected E. ic-

Taek 4. Presence of Bdwardeleila jetalusi in imprexsion smears

Guestinal racts ond feathers of great Blue Rerons. The number of fields
of paritive-staining bacierid
each bird privr ta feeding, while two SWPIER were vbaswed from onch

N

the mumber positive repres: ehe m

pharmgeal semples were obsained for
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taluri in the intestines of 80% of the gren
blue herons sampled over a 3-yr period, but
was unable {0 isolate viable E. lctalir! us-
ing either BA or EIM. During the course of
the present study, grest blue herons were
fed a total 6.5 kg of channel catfish comn-
taining of 2.01 X 10" E, lctaliny, and 2 total
of 180 bacterial plates, 411 ESC-IFAT
glides and 26,725 microscope fields were
screened for E. ictaluri, While £, ictaluri
was detected in feces (13 positive ficlds)
and in the gastrointestinal tracts (7 positive
fields) using the ESC-IFAT, we were unable
to detect viable E. ictaluri in feces during
the foeding trial despite the administration
of a mean oral dosage of 107 X 109 E.
ictaluri per day. While final diluion of the
feces to 0.5 X 10° to obtain obtain accu-
rate ¢fe counts may have limited the detec-
tion of E. ictaluri, no viuble E. ictaluri was
detected in direct sweaks of feces oc gastro-
intestinal tracts on either BA or BIM. Ed-
wardstella tarda, the dominate bacteria re-
covered in the study, readily grows at 37 C.

The gastrointestina) tract offers a harsh
environment for E. ictaluri. The rectal tem-
perature of great blue herons during the
study, 40.2 C, (Table 1) is greater than the
maxinum temperature for growth of E. ic-
taluri teported by Hawke (1979). Incuba-
tion of E. Ictaluri st 40 C suppressed both
the growth and viability of E. icraluri. Al-
iqummnﬁwnmbrothcumofﬂ

and bacterial plotes obiained from gasiro-
ware at @ magnification of 430X and
wsing she ESC-IFAT astay. Four

of the respective gastrolnvestinel areas ond feathers at necropsy. No ESC-IFAT positive-niaining bacieria were

observed amang 2.360 flelds from 72 slides obtained from duplicate EIM piates odiained from each location
end bird upon necropey.
N slides

Location {fietds) R7 R2} Y 06 015 Total
Pharynx 28 (24295) 1 1 L 2 ) 4
Esophegus 8 (729) 0 ° 0 0 0 0
Proverdriculus 8 (725} o 0 3 0 0 3
Intestine 9 (750) 0 o 0 0 0 o
Fember 1) (§43) e o o 1] 0 0

Tots} o4 (5,270 1 1 3 2 D 7
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Fioons 2. deocmMmEdwﬂtbuamhd.qumﬂymm_
Jor $ h represent triplicate Hawardsiells ictalurl culiires incubated at 40 C for periods of 5 &, then

Incubated at 24 C for 24 h while solid bars represent timilar cultures incubated at 24 € for a toral of 29 k.
BaujorahnpnmlsinﬁhramudcdmnummwcﬁrShMaluhﬁwxhw*:?cmid

bars represent tripticare £, fotaluti caliures incubated

tevaluri incubated at 40 C did oot exhibit
on BA when incubated at 24 C.

Raultsfromwsstudypmvideﬁmeev-
idemethaty:mbluetwwnsmuvm
in the transmission of E. ietaluri among Cat-
fish ponds. Like Taylos, we conclude that
grenbiuehuonsmmtamajorfmrin
the transmission of £ jctaluri. We also pos-
herons tmay reduce
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